
BIOLOGICALLY IIMPORTANT COf4POUNDS I14 SYNFUELS PROCESSES*. 8. R. C l a r k ,  C.-h. Ho, W. H. 
G r i e s t ,  and 14. R. Guer in .  A n a l y t i c a l  Chemis t ry  D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora- 

Crude products,  by-produc ts  and wastes f rom s y n f u e l  processes c o n t a i n  a broad spec- 

t o r y ,  P .  0. Box X, Oak Ridge, Tennessee 37830. 

t rum o f  chemical compounds--many o f  wh ich  a r e  a c t i v e  i n  b i o l o g i c a l  systems. 
which compound c l a s s e s  a r e  most i m p o r t a n t  i s  necessary i n  o r d e r  t o  e s t a b l i s h  e f f e c t i v e  
c o n t r o l  over  r e l e a s e  o r  exposure.  
a t e d  PAH, p r imary  a romat ic  amines and N - h e t e r o c y c l i c  PAH a r e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  
t h e  o v e r a l l  mutagenic a c t i v i t i e s  o f  a l a r g e  number o f  m a t e r i a l s  examined. 
show t h a t  t h e  b a s i c ,  p r i m a r y  a romat ic  amine f r a c t i o n  i s  t h e  most a c t i v e .  
a l k y l a t e d  PAHs and N - h e t e r o c y c l i c  PAHs a r e  a l l  components o f  t h e  n e u t r a l  f r a c t i o n .  
n e a r l y  a l l  cases, t h e  n e u t r a l  f r a c t i o n s  c o n t r i b u t e  t h e  l a r g e s t  p o r t i o n  o f  t h e  mutagenic 
a c t i v i t y ,  w h i l e  t h e  b a s i c  p r i m a r y  a romat ic  amine f r a c t i o n s  have t h e  h i g h e s t  s p e c i f i c  
a c t i v i t y .  Neut ra l  f r a c t i o n s  a r e  u s u a l l y  t h e  l a r g e s t  ( w t x )  whereas t h e  t o t a l  b a s i c  f r a c -  
t i o n s  a r e  m a l ?  by comparison; thus ,  t h e  o v e r a l l  g r e a t e r  c o n t r i b u t i o n  o f  t h e  n e u t r a l  
f r a c t i o n  t o  t h e  mutagenic a c t i v i t y  o f  most samples. 
i s o l a t e d  i n  p r e p a r a t i v e  s c a l e  amounts f r o m  complex m i x t u r e s  u t i l i z i n g  combina t ions  o f  
l i q u i d - l i q u i d  e x t r a c t i o n  and v a r i o u s  1 i q u i d  chromatographic co lumn-e luent  combina t ions .  
F r a c t i o n s  a r e  c h a r a c t e r i z e d  u s i n g  a combina t ion  o f  s p e c t r o s c o p i c  techn iques  and gas 
chromatography/mass spec t ro r re t ry .  (*Research sponsored by t h e  O f f i c e  o f  H e a l t h  and 
Environmental  Research, Cepartment o f  Energy, under c o n t r a c t  1.1-7405-eng-26 w i t h  t h e  
Union Carbide Corpora t ion . )  

D i s c e r n i n g  

P o l y c y c l i c  a romat ic  hydrocarbons (PAH), mu1 t i - a 1  k y l -  

Ames t e s t  da ta  
PAHs, m u l t i -  

In 

B i o l o g i c a l l y  a c t i v e  c o n s t i t u e n t s  a r e  
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THE ELEMENTAL COMPOSITION OF SHALE OILS. J. P. Fox. Energy and Environment Divisiob 
Lawrence Berkeley Labora tory ,  Univers i ty  of C a l i f o r n i a ,  Berkeley, CA 94720. 

The abundance of 47 e lements  were measured i n  1 2  s h a l e  o i l s  from LETC's cont ro l led-  
state retort, 7 s h a l e  o i l s  from LLL'S 125-kg s imula ted  i n - s i t u  r e t o r t  and i n  o i l s  from 
t h e  Geokine t ics ,  Occidenta l ,  Equi ty  and Paraho processes  us ing  neut ron  a c t i v a t i o n  
a n a l y s i s ,  x-ray f luo rescence  spec t romet ry  and Zeeman atomic abso rp t ion  spec t roscopy.  
The elements s tud ied  i n c l u d e  C ,  H ,  N ,  A s ,  Se,  Co, N i ,  Fe, Mn, Zn, U, C 1 ,  N a  and o the r s .  
The r e s u l t i n g  d a t a  were analyzed t o  de ta rmine  t h e  e f f e c t  of r e t o r t  ope ra t ing  condi t ions  
on measured e lementa l  abundances.  

T h i s  paper compares t h e  e lementa l  abundances i n  o i l s  from s imula ted ,  su r f ace  and i n  
s i t u  processes  i n  the  framework of  r e t o r t  ope ra t ing  cond i t ions  and d i scusses  t h e  poten- 
t i a l  environmental  i m p l i c a t i o n s  of  observed t r a c e  element p a t t e r n s .  This  i n v e s t i g a t i o n  
i n d i c a t e s  t h a t  t h e  major elements i n  s h a l e  o i l s  ( > l o  ppm) a r e  C ,  H ,  N ,  S ,  Fe, A s ,  C 1  and 
Na. The elements A l ,  B a ,  Co, C r ,  Cu, Hg, Mg, Mn, Mo, N i ,  Se, V and Zn OCCUK a t  concen- 
t r a t i o n s  of from 0 .1  ppm t o  less than  10 ppm. A l l  o t h e r  elements s tud ied  occured a t  less 
than  0 .1  ppm i n  most o i l s .  
abundances o f  Antrim, Moroccan and Green River  s h a l e  o i l s .  

S t r i k i n g  d i f f e r e n c e s  were observed between t h e  e lementa l  
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ANALYSIS OF ENERGY WASTE EFFLUENTS FOR ORGANIC CHEMICALS U S I N G  THE MASTER ANALYTICAL 
SCHEXE. Linda Sheldon, S h i r l e y  Yung, Roger Wiseman, Larry Michael, and Edo Pe l l iZZar i  

Ana ly t i ca l  Sc iences  Div is ion ,  Chemistry and L i f e  Sc iences  Group, Research Tr i ang le  
I n s t i t u t e ,  P. 0. Box 12194, Research Tr i ang le  Park,  NC 27709. 

A v a r i e t y  of a n a l y t i c a l  methods were t e s t e d  dur ing  the  development of a comprehen- 
s i v e  scheme to  i d e n t i f y  and q u a n t i t a t e  v o l a t i l e  o rgan ic  chemicals i n  aqueous samples 
us ing  high r e so lu t ion  gas  chromatographylmass spectrometrylcomputer (GCI?fS/CO?P) a s  the  
major a n a l y t i c a l  t oo l .  V o l a t i l e  o rgan ic s  a r e  def ined  a s  those  compounds which w i l l  ei- 
t h e r  e l u t e  from a GC column a t  3OO9C i n  one hour or  less o r  which may be d e r i v a t i z e d  to  
meet these  c r i t e r i a .  

purge and t r a p  procedure. 
t h e  less v o l a t i l e  (bp ,175'C) hydrophobic compounds. 
by ion  exchange, then chemically d e r i v a t i z e d  p r i o r  t o  gas  chromatography. Las t ly ,  
v o l a t i l e  po la r  organics  were concent ra ted  by f r a c t i o n a l  d i s t i l l a t i o n .  
t o  d i r e c t  aqueous i n j e c t i o n ,  t h e  d i s t i l l a t e  was i n j e c t e d  onto  a Tenax GC precolumn 
through a hea ted  i n j e c t i o n  p o r t ,  t h e  water  vented ,  and t h e  o rgan ic s  were thermal ly  
desorbed i n t o  a gas  chromatograph. For energy waste e f f l u e n t s ,  methods which gave a 
minimum de tec t ion  l i m i t  o f  1 0  ppb wi th  40% recovery were considered accep tab le .  

Developed methods were t e s t e d  on a v a r i e t y  of sp iked  and unspiked sample waters  
i nc lud ing  energy waste e f f l u e n t s .  
r e s u l t s  w i l l  be presented .  This  r e sea rch  w a s  supported by EPA Cont rac t  No. 68-03-2704. 

Highly v o l a t i l e  (bp <175'C), hydrophobic compounds were analyzed us ing  a modified 
Solvent  e x t r a c t i o n  wi th  pH adjus tment  served t o  concen t r a t e  

I o n i c  o rgan ic s  were concent ra ted  

A s  an a l t e r n a t i v e  

S p e c i f i c  problems wi th  t h i s  sample ma t r ix  and t e s t  
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TRACE ELEMENT BEHAVIOR IN  THE SOLVENT REFINED COAL PROCESSES. R .  H. F i l b  S. R. 
Kha l i l , *  and M. L. Hunt. Nuclear Rad ia t i on  Center, Washington d k i t y ,  

Pullman, Washington 991 64. 

High s u l f u r  coa ls  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  t r a c e  metals which may have un- 
des i rab le  e f f e c t s  on l i q u e f a c t i o n  processes, on upgrading o f  de r i ved  syncrudes, o r  on 
the  environment. A s tudy  o f  t he  f a t e  of up t o  35 t r a c e  elements i n  the  SRC I and SRC I 1  
processes by  neut ron  a c t i v a t i o n  a n a l y s i s  (NAA) and atomic absorp t ion  spectroscopy (AAS) 
shows t h a t  s i g n i f i c a n t  emissions o f  t o x i c  elements f rom the  F o r t  Lewis, Washington 50 
ton  per  day p i l o t  p l d n t  (opera ted  by P i t t s b u r g  & Midway Coal Min ing  Co.) occur and tha t ,  
except f o r  Hg i n  the  SRC I1  process s a t i s f a c t o r y  ma te r ia l  balances can be ob ta ined f o r  
SRC I and SRC I1 processes. I n  the  case o f  Hg i n  the  SRC I 1  process, and to  a l esse r  
ex ten t  As,  Se and Sb, t r a n s p o r t  v ia  gaseous streams has been demonstrated and can be 
r e l a t e d  t o  t he  v o l a t i l i t y  and reac t i ons  o f  HgO, HgS, H2Se, AsO,  e t c .  The NAA and AAS 
techniques and t h e i r  a p p l i c a t i o n  to  the  complex ma t r i ces  e n c o h t e r e d  i n  coal  l ique fac-  
t i o n  processes a r e  discussed. 

Present ly  a t  U n i v e r s i t y  o f  Kentucky 
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CHARACTERIZATION AND MUTAGENICITY OF SHALE OIL FRACTIONS, Deborah S. Sklarew, 
Donald M. Schoengold, R ichard  A. P e l r o y t ,  S y l v i a  P. Downey, Barbara A .  Vieux, 
James T. Crestot ,  Phys ica l  Sciences Dept. and B i o l o g y  Oept. t ,  P a c i f i c  Northwest 

Labora tory ,  opera ted  f o r  t h e  Department o f  Energy by B a t t e l l e  Memorial I n s t i t u t e  

Product o i l s  f rom severa l  s h a l e  o i l  o p e r a t i o n s  have been analyzed f o r  o r g a n i c  compounds 
wh ich  a r e  p o t e n t i a l  biological/environmental hazards. Two f r a c t i o n a t i o n  schemes have 
been compared bo th  f rom an a n a l y t i c a l  and a b i o l o g i c a l  p o i n t  o f  v iew. The f i r s t  method 
i n v o l v e s  ac id -base f r a c t i o n a t i o n ;  t h e  second uses p a r t i t i o n  chromatography on  Sephadex 
LH-20. F r a c t i o n s  have been t e s t e d  f o r  m u t a g e n i c i t y  i n  the  Ames assay and those which 
gave p o s i t i v e  r e s u l t s  were f u r t h e r  subd iv ided and analyzed by gas chromatography-mass 
spec t romet ry .  I n  t h e  case o f  t h e  Sephadex LH-20 method, m u t a g e n i c i t y  i s  concent ra ted  
i n  t h e  methanol f r a c t i o n s ;  i n  t h e  acid-base separa t ion ,  m u t a g e n i c i t y  i s  f o u n d  i n  t h e  
b a s i c  and t a r  f r a c t i o n s .  
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COMPARISON AND CONTRAST OF TRACE ELOIENTS IN C R U D E  SHALE OILS AND PETROLEUM 
C .  L .  Wilkerson, D .  5 .  Sklarew, J .  C .  Evans and J .  S.  Fruchter ,Pacif ic  Flortliwest 

Laboratory, Richland, WA 99352 

The abundances and chemical forms of a large group of elements including t h e  t race  metals 
A s ,  Co, Fe, Elo, Ni, Se, V and Zn were determined i n  three whole and fract ionated shale  
o i l s  obtained from Colorado and Utah o i l  shale reserves. The crude shale  o i l s  were rep- 
resentat ive product o i l s  from a n  above-ground, a modified in-s i tu ,  and a t r u e  in-s i tu  
re tor t ing  process and were produced by p i l o t  p lant  or  larger  sized f a c i l i t i e s .  
t a l  abundances were determined by several modern analyt ical  techniques including instru-  
mental neutron ac t iva t ion  ana lys i s ,  energy dispers ive X-ray fluorescence ana lys i s ,  
prompt y-ray ac t iva t ion  ana lys i s ,  and plasma emission spectrometry. 
compared to ident i fy  major differences between elemental par t i t ioning y i e l d s  of the 
various retor t ing technologies and were fur ther  compared and contrasted with reported 
elemental concentrations i n  petroleum. The elements As and Fe were found t o  be  the 
most prominent t race  metals i n  the  shale  o i l  m a t r i x  and As and Se leve ls  were observed 
to  be 1 to 2 orders  of magnitude grea te r  than those reported f o r  petroleum. 

Elemen- 

The analyses were 
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ENVIRONMENTAL ORGANIC CHEMISTRY: THE ISOLATION AND IDENTIFICATION OF ORGANIC AXD 
ORGANOMETALLIC COMPOUNDS FROM OIL SHALE RETORT WATERS.* 
J. Kland. Energy and Environment Division, Lawrence Berkeley Laboratory, University 
of California, Berkeley, CA 94720. 

The complex nature of the inorganic, organic and organometallic contaminants found i n  

Richard H. Fish and Mathilde 

oil shale retort waters is important to elucidate in order to evaluate the potential 
problems connected with the release of these compounds to the environment. 

Our efforts have focused on more clearly defining the organic and the organometallic 
species, either synth.xized o r  released during the retorting process, that eventually 
end up in the retort waters. Retort waters from LLL and LETC simulated in situ retorts 
and from Occidental's Logan Wash experiments were extracted with methylene chloride and 
the components separated and analyzed by a combination of dry column, thin layer and high 
performance liquid chromatography as well as capillary gas chromatography-mass spectro- 
metry and nuclear magnetic resonance spectroscopy. 

A discussion of the classes of organic and organometallic species identifed, together 
with some of their toxicological and environmental implications, will be presented. 

C + . . r l l - ~  SuDDorted through the Department of Energy under contract no. W-7405-ENG-48. 

7 



INTERLABORATORY COMPARISON OF ENVIRONMENTAL ANALYSES ASSOCIATED W I T H  SYNFUEL 
PRODUCTION, W. E .  Play, J. M. Brown, S .  N .  Ches le r ,  F.  R .  Guenther,  H .  S .  Hertz ,  

L. R. H i l p e r t ,  R.  Pi. P a r r i s ,  K .  L .  R i t ch ie ,  and S .  A .  Wise, Center f o r  Ana ly t i ca l  Chemis- 
t r y ,  National Bureau of Standards ,  Washington, DC 20234 

In  order  t o  begin  eva lua t ing  t h e  s t a t e -o f - the -a r t  of t h e  de te rmina t ion  of p o l l u t a n t s  
a s soc ia t ed  wi th  t h e  product ion  of a l t e r n a t e  f u e l s ,  seven c o l l a b o r a t i v e  s t u d i e s  have 
been conducted by NBS. The aim of the  f i v e  i n i t i a l  s t u d i e s  w a s  t o  a s c e r t a i n  how we l l  
p a r t i c i p a t i n g  l a b o r a t o r i e s  could p e r f o m  the  f i n a l  q u a n t i t a t i o n  s t e p  i n  a t r a c e  
o rgan ic  a n a l y t i c a l  scheme. The m a t e r i a l s  examined in t hese  i n i t i a l  s t u d i e s  were two 
polynuclear a romat ic  hydrocarbon in hexane samples,  a phenols i n  water sample, a 
phenols i n  hexane sample and a N-heterocyclic compounds (azaarenes)  i n  hexane sample. 
Each of t hese  samples conta ined  between f i v e  and e i g h t  pure compounds, w i th  each 
compound being p resen t  a t  t h e  1-100 pg/mL (ppm) l e v e l .  

The l a s t  two c o l l a b o r a t i v e  s t u d i e s  involved quan t i a t i ave  ana lyses  of s e l e c t e d  
phenols,  polynuclear a romat ic  hydrocarbons and N-heterocycl ics  i n  a s h a l e  o i l  and a 
so lven t  r e f ined  c o a l  (SRC) material. 
t h r e e  s t eps :  (1) I s o l a t i o n  of t h e  a n a l y t e  from t h e  sample ma t r ix ;  (2) Separa t ion  of 
t h e  ana ly t e  from non-ana ly te  i n t e r f e r e n c e ;  (3 )  measurement of  de t ec to r  response  f o r  
t h e  ana ly t e  and r e l a t i n g  t h a t  t o  t h e  concen t r a t ion  of the a n a l y t e  i n  t h e  o r i g i n a l  
sample. The r e s u l t s  of t h e s e  c o l l a b o r a t i v e  s t u d i e s  w i l l  be repor ted  and d iscussed  
a long  wi th  methodologies developed a t  NBS f o r  c e r t i f y i n g  the  concent ra t ion  of s e l ec t ed  
phenols,  PAH and N-heterocylces i n  a l t e r n a t e  f u e l s .  

Such ana lyses  usua l ly  requi red  a minimum of 



ANALYSIS OF SULFUR HETEROCYCLES I N  COAL-DERIVED PRODUCTS AND SHALE OILS? C. W i l l e l  
M. Iwao, T. A .  Broadbent, R.  N. Cast le,  and M. L .  Lee, Department o f  Chemistry, 

Brigham Young Un ive rs i t y ,  Provo, Utah 84602. 

The carc inogen ic  a c t i v i t y  demonstrated by complex m ix tu res  o f  p o l y c y c l i c  a romat ic  
compounds (PAC) has s t imu la ted  much e f f o r t  by researchers t o  i d e n t i f y  i n d i v i d u a l  mixturc 
components. 
f rac t i ons  from coa l -der ived  products and sha le  o i l s  a re  the  s u l f u r  he te rocyc les .  
t o  t h e i r  low concent ra t ions ,  an enr ichment o f  t he  he te rocyc l i c  s u l f u r  compounds i s  
necessary f o r  i d e n t i f i c a t i o n .  A r e c e n t l y  developed method t o  i s o l a t e  the  s u l f u r  
he terocyc le  f r a c t i o n  f rom a composite aromat ic f r a c t i o n  has g r e a t l y  a ided e f f o r t s  t o  
separate and i d e n t i f y  i n d i v i d u a l  h e t e r o c y c l i c  s u l f u r  compounds by g lass  c a p i l l a r y  gas 
chromatographic mass spec t romet ry .  

and i d e n t i f i c a t i o n  o f  s u l f u r  he terocyc le  f rac t i ons  has been app l i ed  t o  se lec ted  coa l  
g a s i f i c a t i o n  t a r s ,  coa l  l i q u i d s ,  and sha le  o i l s .  I d e n t i f i c a t i o n  was accomplished 
through comparison o f  mass spec t ra l  and chromatographic r e t e n t i o n  da ta  o f  m ix tu re  
components H i  t h  standard re fe rence compounds. 

Since few standard re fe rence compounds o f  s u l f u r  he terocyc les  a re  commercial ly 
ava i l ab le ,  compounds p red ic ted  by mass spectrometry t o  be present  i n  enr iched s u l f u r  
he terocyc le  f r a c t i o n s  were synthesized. 
g raph ic  r e t e n t i o n  da ta  and f o r  b i o l o g i c a l  t e s t i n g .  

and Environmental Research, Cont rac t  No. DE-ACOZ-79EV10237. 

Found i n  low  concent ra t ions  among the  m ix tu re  components o f  most PAC 
Due 

I n  t h i s  study, the  developed methodology f o r  t he  enr ichment and subsequent separa t i on  

These compounds were used t o  o b t a i n  chromato- 

*This s tudy  was supported by the U . S .  Department o f  Energy, D i v i s i o n  o f  Biomedical  
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THE IIQR(Tp CF "NO A C I M " .  J. G. Seay, - t i t U t e  Of G3S T&lxlOkX~y, 3436 S. S t a t e  
St. Chicago IL 60616. 
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TRANSPORTATION FUEIS F R O M  SYNTHESIS GAS. R. H .  F i s c h e r  and R .  E .  Hi ldebrand.  U.S. 
Department of  Energy O f f i c e  of  F o s s i l  ElleKgy rograms,  D i v i s i o n  o f  F o s s i l  F u e l  

ABSTRACT 
Process ing ,  Mail  s t o p  E - j 3 8 / G e n ~ n t o w n ,  Washington: 20545. 

The Department of Energy (WE) h a s  formulated a program t o  deve lop  improved p r o c e s s e s  
t o  c o n v e r t  s y n t h e s i s  g a s  f rom c o a l  t o  q u a l i t y  t r a n s p o r t a t i o n  f u e l s .  
f o u r  e l emen t s .  

The program i n v o l v e s  

Improved i n t e g r a t i o n  of  g a s i f i c a t i o n  with l i q u e f a c t i o n .  T h i s  i n v o l v e s  the  use of low 
r a t i o  H2 t o  CO s y n t h e s i s  g a s  i n  t h e  hydrocarbon fo rma t ion  s t e p .  
can be conve r t ed  t o  hydroca rbon  by means o f  t h e  Ko lbe l -Enge lha rd t  r e a c t i o n .  The n e t  
r e s u l t  i s  c o n s i d e r a b l e  ene rgy  s a v i n g s  i n  s t eam.  
Improved s e l e c t i v i t y  b u s e  of shape s e l e c t i v e  c a t a l y s t .  Normal F i sche r -Tropsch  re- 
a c t i o n  c h e m i s t r y  i s  s u g j e c t  t o  i n h e r e n t  l i m i t a t i o n s  due t o  t h e  c h a i n  growthmechanisms.  
Use o f  shape s e l e c t i v e  c a t a l y s t s  c a n  r e s u l t  i n  c i r cumven t ion  of t h i s  l i m i t a t i o n  by t h e  
u s e  o f  a n  i n t e r m e d i a t e  t h a t  can  be formed i n  h i g h  s e l e c t i v i t y  (meihanol)  or by i n h i b i -  

Low r a t i o  H2 t o  CO 

t i o i  

The i n i t i a l  c o n t r a c t s  i n  t h i s  program a r e  abou t  t o  be s i g n e d  and o t h e r s  are beginning 
n e g o t i a t i o n .  The g o a l s  o f  t h e  program and t h i s  up coming work w i l l  be d i s c u s s e d .  
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